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The present study optimized the ultrasound assisted extraction (UAE) ground samples (0.5 g) were homogenized for 1 min at 24,000 rpm using an Ultra-Turrax 108 T-25 Tissue homogenizer (Janke & Kunkel, IKA  -Labortechnik, Saufen, Germany) in 25 109 mL of 80% methanol at room temperature (~23 °C). The homogenized sample 110 suspension was shaken for 3 hours with a V400 Multitude Vortexer (Alpha laboratories, 111
North York, Canada) at 1,500 rpm at room temperature (≅ 25°C). The sample suspension 112 was then centrifuged for 15 min at 2,000 g (MSE Mistral 3000i, Sanyo Gallenkamp, 113
Leicestershire, UK) and immediately filtered through 0.45 µm polytetrafluoethylene 114 experiment was performed in two batches which included three replications of each 116 sample. 117
118
Determination of total phenol (TP). The total phenolic content was determined using 119
Folin-Ciocalteu Reagent (FCR) as described by Singelton et al. (20) . The experiment was 120 performed in two batches which included three replications of each sample and standard. 121
Methanolic gallic acid solutions (10-400 mg/L) were used as standards. In each replicate, 122 100 µL of the appropriately diluted sample extract, 100 µL methanol, 100 µL FCR and 123 finally 700 µL Na 2 CO 3 (20%) were added together and vortexed. The mixture was 124 incubated for 20 min in the dark and room temperature. After incubation the mixture was 125 centrifuged at 13,000 rpm for 3 min. The absorbance of the supernatant was measured at 126 735 nm by spectrophotometer. The total phenolic content was expressed as gallic acid 127 equivalent (GAE)/100 g dry weight (DW) of the sample. 128 129 Ferric ion reducing antioxidant power (FRAP) assay. The FRAP assay was carried 130 out as described by Stratil et al. (21) with slight modifications. The FRAP reagent was 131 prepared by mixing 38 mM sodium acetate anhydrous in distilled water pH 3.6, 20 mM 132 employed in this study is presented in Eq. 1. By using this equation, linear (X 1 , X 2 , X 3 ), 174 quadratic (X 1 2 , X 2 2 , X 3 2 ) and interactive (X 1 X 2 , X 1 X 3 , X 2 X 3 ) effects of independent 175 variables, temperature (X 1 ), amplitude level (X 2 ), and time (X 3 ) on dependent variable 176 (Y) were determined. 177 The criterion used to characterize the fitting efficiency of the data to the model was the 191 multiple correlation coefficients (R 2 ) and their average mean deviation (E, Eq. 2). 192
where, n e is the number of experimental data, V E is the experimental value and V P is the 194 predicted value. (Table) . Among the factors, 222 amplitude of ultrasonication showed the highest effect followed by temperature and time. (Table 1) and were found to be not significantly different at p > 0.05 296 using a paired t-test. In addition variations between the predicted and experimental valuespolyphenols were within acceptable error range as depicted by average mean deviation 299 (E% , Table 1 ); therefore, the predictive performance of the established model may be 300 considered acceptable. These values were significantly (p<0.05) higher than those of 301 solid/liquid extracts (Table 1) . 302
303

Model fitting 304
The analysis of variance showed that the R-squared statistic of all the parameters was in 305 the range of 0.710 to 0.996 indicating high representation of the variability of the 306 parameters by the models. The quadratic polynomial models generated were highly 307 significant with p-value ranging from 0.03 to 0.0001. The lack of fit statistics of all the 308 parameters were not significant (p>0.05) and high degree of F-value (range 4.48-130.6) 309 further strengthened the reliability of the models (Table 1- Ultrason. Sonochem. 2009, 16, 287-292. 387 Carnosol (mg/g DW) Amplitude (µm) Temperature ( 
